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Convergence control system for muttlgun CRT. 
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@ A convergence control system suited for use with high 
resolution color display monitors or color television receivers. 
The system includes both primary and secondary convergence 
controls having minimal interaction between them. An exempli- 
fied convergence control system comprises circuitry designed 
to develop output signal waveforms for implementing the fol- 
lowing expression: 

Cc(X) - K ± K1(X3-X) ± K20C-X*) ± { 

where X is a horizontal deflection-related signal input to the 
system, K is a static control for adjusting convergence at the 
center of the CRT screen, K3 and K4 are left and right side con- 
vergence controls, and K1 and K2 are secondary controls for 
correcting residual misccnvergence - i.e., misconvergence at 
areas of the screen intermediate the areas converged using 
the K, K3 and K4 controls. A similar system is provided for pro- 
viding vertical deflection-related convergence waveforms. In 
Figure 1 , the four components of the above expression are re- 
spectively generated by circuits 28; 30, 32; 34, 36 and 16 to 24. 
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CONVERGENCE CONTROL SYSTEM FOR 
MULT I GUN CRT 



Field of -the Invent: ion 
The present invention relates to cathode-ray tube 
(CRT) deflection systems, and more particularly to an 
improved convergence system suitable for high resolu- 
5 tion color CRTs of the type used in large screen color 
picture monitors and television receivers. 

Description of the Prior Art 
Color CRTs of the type used in most present-day 

10 television and similar color image display systems 
typically have three electron guns — one for each of 
three primary colors (red, green and blue) . The guns 
are arranged symmetrically with respect to the central 
axis of the tube, and generate individual electron 

15 beams that pass through small holes or slits in a 
shadow mask (or aperture grill) positioned between the 
guns and a cathodoluminescent display screen. The dis- 
play screen is formed of three color phosphors 
deposited in a regular pattern of dots or stripes on 

20 the inner face of the CRT. The arrangement of the phos- 
phor deposits and shadow mask apertures is such that, 
ideally, each electron beam strikes only the deposits 
of its respective color. A common electromagnetic 
deflection yoke positioned between the electron guns 

25 and the screen deflects the three beams over the 
screen surface. 

To produce color images correctly, the three 
electron beams must be coincident, or converged, at 
30 the center of the screen, and must remain coincident 
as they are deflected over its surface. Static con- 
vergence — i.e., convergence at screen center in the 
absence of a deflecting field — is achieved using 
fixed magnetic fields from suitable external magnets. 



35 
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In addition, variable or "dynamic" magnetic fields 
must be applied to each beam to correct for mis- 
convergence as the beams are deflected away from the 
tube's central axis. Such misconvergence results from 

5 of f -axis positioning of the electron guns and the 
increasing distance the beams must travel as they are 
deflected away from the center of the relatively flat 
display screen. In entertainment-type color television 
receivers, the dynamic correction fields typically 

lO have been produced by differentiating the horizontal 
and vertical deflection waveforms to obtain an approxi- 
mation of a parabolic waveform, which is then offset 
to correct for the non-symmetrical nature of the 
correction. More precise convergence adjustment is 

15 needed to eliminate color fringing in large screen, 
high resolution color CRTs of the type now used in com- 
mercial color monitors and computer displays. 

More advanced convergence systems implement a 
20 sector type of control. For example, in addition to 
the usual static convergence controls, a set of con- 
trols is provided for converging the red, green and 
blue beams at eight additional points on the display 
screen: center top, center bottom, center right, 
25 center left, and at each of the four corners. After 
the beams are converged at each of these nine 
"primary" points, however, a certain amount of mis- 
convergence or color ' fringing ,may be present in 
regions of the screen lying between those points . This 
30 so-called "residual" misconvergence should be reduced 
to an absolute minimum in high quality color displays 
used for critical monitoring or other applications 
where highly accurate color reproduction is important. 

35 Most conventional analog convergence systems for 

color CRTs approximate the required dynamic correction 
fields (and hence the current waveforms applied to the 
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convergence correction coils associated with each 
electron gun) losing sums of linear functions, or 
ramps, and square functions, or parabolas. Thus, for 
example, if beam deflection in the horizontal plane is 

5 assigned the variable X, with X = 1 representing 
maximum deflection in one direction (e.g., to the 
right) and X = -1 representing maximum deflection in 
the opposite direction (to the left) , then such a con- 
vergence correction waveform Cc(X) is given by the 

10 equation: 



Cc(X) = AX + BX" 



(1) 



Some prior art systems provide controls for varying 
15 the constants A and B to adjust convergence. Other 
systems approximate equation (1) using the following 
expression : 



20 



Cc(X) = 



DX^ for X<0 



EX A for X>0 



(2) 



25 



This permits independent control of convergence at the 
right and left sides of the screen. The X - -1 and X = 
1 points are converged individually by varying the 
values of D and E, respectively, after the X = 0 
center point is converged using the static convergence 
controls . 



Summary of the Invention 
30 The higher resolution color CRTs now available 

require better over-all convergence than can be 
achieved with such prior art systems. One approach 
would be to implement a convergence function having 
higher order terms, such as: 

35 

Cc(X) = AX + BX 2 + FX 3 + GX 4 (3) 
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While capable of providing the required improvement in 
convergence accuracy, such a system would be difficult 
and time-consuming to use because of interactions be- 
tween the controls. Thus, the values of F and G could 
not be adjusted to correct residual misconvergence 
without affecting convergence at the screen 1 s primary 
points, and vice versa. The resulting procedure would 
be tedious, repetitive and, because of the time 
required, very costly on a service basis* 



The present invention provides a convergence func- 
tion having terms for the correction of residual mis- 
convergence that do not interact with those used to 
adjust convergence at the previously-mentioned primary 
15 points. Such a function is exemplified by the 
expression: 



' 2 



Cc(X) = K + K1(X 3 - X) + K2(X 4 —X 2 ') +- 



K3X for X<0 

U) 

K4X 2 for X>0 



35 



wherein X represents a ramp input signal , K is a 
static, center screen control value, K3 and K4 are 
control values for the left and right sides, respec- 
tively, of the display screen, and Kl and K2 are 
"secondary" control values for correcting residual mis- 
convergence in areas between the left, center and 
right "primary" points. As will be understood, the 
terms (X 3 - X) and (X 4 - X 2 ) are both zero for X = -1, 
0 and +1. Adjustment of the secondary controls thus 
has no effect on convergence at the extreme left and 
right sides and at the center of the screen. Implemen- 
tation of an equivalent convergence correction func- 
tion in the vertical or Y direction provides a similar 
advantage with respect to the top, center and bottom 
of the screen. 
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The terms (X 3 - X) and (X 4 - X 2 ) may be replaced 
in equation (4) by their negative equivalents, -(X 3 - 
X) = (X - X 3 ) and -(X 4 - X 2 ) = (X 2 - X 4 ). For optimum 
flexibility, a convergence system according to the 
5 present invention preferably provides means for imple- 
menting both the positive and negative versions of 
these secondary correction terms, which affect the 
symmetry or straightness of the lines in a displayed 
Crosshatch pattern. 

10 

Brief Description of the Drawing 
The present invention will become more fully 
understood from the following detailed description and 
the accompanying drawing, wherein: 

15 

FIG. 1 is a functional block diagram of a con- 
vergence control system according to the present 
invention ; 

20 FIG. 2 depicts the convergence correction wave- 

forms produced by the FIG. 1 system; 

FIG. 3 illustrates in block diagram form cir- 
cuitry for generating the waveforms shown (in solid 
25 line) in FIGS. 2A and 2B; 



FIGS. 4 and 5 illustrate alternative circuitry 
for generating the FIG. 2A and 2B waveforms; 

30 FIG. 6 illustrates circuitry for generating the 

waveforms shown in FIGS. 2C and 2D; and 

FIG. 7 is a schematic diagram of a secondary 
convergence correction signal generator according to a 
35 preferred embodiment of the invention. 
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Detailed Description 
Referring now to the drawings, and first of all 
to FIG. 1, a convergence control system according to 
the present invention is shown to include a horizontal 

5 ramp, or sawtooth, signal generator 10. The output (X) 
from signal generator 10 is applied as ah input to 
circuits within the system's primary and secondary 
convergence, control sections 12 and 14, respectively. 
In primary control section 12, the X signal is applied 

10 to a sector detection circuit 16 that includes a left 
side (X<0) detector 16a and a right side (X>0) de- 
tector 16b. The ramp output signals from detectors 16a 
and 16b are then squared by mulitpliers 18 and 20, 
respectively, and fed to two inputs of a summing cir- 

15 cuit 26. The output amplitude of multiplier 18 is 
adjustable via a suitable K3 control 22, which may be 
a potentiometer. Similarly, a K4 control 24 is pro- 
vided for varying the X output of multiplier 20. The 
primary convergence controls are completed by a vari- 

20 able amplitude DC source 28, the output of which is 
applied as an input to summing circuit 26. As indi- 
cated in the figure, source 28 serves as a K control 
in the convergence control system. 

25 In secondary control section 14, the X ramp 

signal is supplied to the inputs of a first function 

3 

generator 30 that provides a 4-(X - X) or 1 S f output 
waveform, and a second function generator 34 that 
provides a +(X - X ) or ' B' output waveform. The 

30 outputs of generators 30 and 34, adjustable in ampli- 
tude via Kl and K2 controls 32 and 36 , are also 
applied as inputs to summing circuit 26. The summing 
circuit provides an output signal representative of 
the sum of the inputs, which include a DC level from K 

35 source 28, half parabolas from multipliers 18 and 20, 
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and 1 B' and ' S' secondary convergence waveforms from 
function generators 30 and 34 . The summed output is 
fed to a convergence coil 38 to effect the desired 
convergence control. 

5 

The output waveforms from function generators 30 

and 34, and from multipliers 18 and 20 are illustrated 

graphically in FIG, 2. Thus, FIG. 2A depicts the f S f 

3 

secondary convergence correction function X - X in 

3 

10 solid line and its negative equivalent X - X in 

broken line- FIG. 2B similarly shows the ■ B' secondary 

4 2 

correction function X - X in solid line and its 

2 4 

negative equivalent X - X in broken line. As will be 
understood, the polarity and amplitude of both wave- 

15 forms is determined by the setting of controls 32 and 
36. It should be noted that the FIG. 2A and 2B func- 
tions are both equal to zero for values of X= -1 and 
X= +1, as well as for X=0. Thus, variations in either 
the amplitude or the polarity will not affect con- 

20 vergence at those three points , which represent the 

extreme left and right sides and the center of the CRT 

display screen. FIG. 2C illustrates the primary conver- 

2 

gence correction function + X for X<0 for the right 

O for X>0 

ot - side of the screen, while FIG. 2D depicts the corres- 

2 

ponding left side correction function +X for X<CL 

0 for X>0 

These half parabolas are produced by multiplier cir- 
cuits 20 and 18, respectively. The remaining primary 
correction function K is provided by DC source 28, as 
previously noted. Convergence at the center of the scr- 
een is adjusted using the K control. 



30 



The FIG. 1 convergence control system thus imple- 
ments the correction function: 

35 ✓ 9 

- f K3X for x l° 

Cc(X) = K + K1(X^ - X) + K2(X^ - X Z ) +\ 

K4X^ for X>0 
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The primary convergence controls (K, K3 and K4) are 
set to provide optimum convergence at the center and 
the far left and right sides of the display screen. 
The secondary controls (Kl and K2) then are used to 

5 eliminate residual misconvergence in areas of the 

screen intermediate the primary points. Because, as 
noted earlier, the secondary convergence correction 
waveforms have zero amplitude at the X=0 and +1 pri- 
mary adjustment points, regardless of the settings of 

10 the Kl and K2 controls, interaction with the primary 
controls is effectively eliminated. 

Referring now to FIG. 3, a simplified circuit for 
3 

generating the X - X or f S ' secondary convergence 

15 correction waveform is shown in FIG. 3A. A ramp or 

sawtooth signal X is applied via an input terminal 39 

to both input terminals of a multiplier 40 , suitably a 

so-called Gilbert multiplier as 'disclosed in U.S. 

Patent No. 3,689,752. An essential characteristic of 

20 such a multiplier is that its output is proportional 

to the product of the signals applied to its two 

inputs. The X output from multiplier 40 is applied as 

an input to a similar multiplier 42 having its other 

input connected to receive the ramp signal from terra- 

25 inal 39. The input ramp signal then is subtracted from 
3 

the X output from multiplier 4-2 by a differential 
amplifier 44 to provide an X 3 - X signal at an output 
terminal 45. As will be evident, the negative version 
of the correction function — i.e., X - X 3 — can be 
30 obtained by reversing the inputs to differential ampli- 
fier 44. 

The T B 1 convergence correction waveform X^ - X 2 
can be generated using the same components connected 
35 in a different manner. Thus, a ramp signal applied to 
an input terminal 47 is squared by a multiplier 48, 
the output of which is again squared by a second 
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multiplier 50. The X output of multiplier 48 then is 

4 

subtracted by a differential amplifier 52 from the X 

~ 4 2 

output of multiplier 50 to provide an X - X signal 
at an output terminal 53. Again, the negative version 
5 (X - X ) of the correction function can be obtained 

by reversing the inputs to the differential amplifier. 

An alternative circuit for generating both second- 
ary convergence correction waveforms is shown in FIG. 
10 4. A ramp input signal X is applied via an input 
terminal 55 to both inputs of a first multiplier 54. 

o 

The X output of the first multiplier then is applied 

4 

to both inputs of a second multiplier to provide an X 

output signal that is coupled to the input of a first 

2 

15 operational amplifier 64 via a resistor 70. The X 

output of multiplier 54 also is connected to the input 

of a first inverter 60, the -X output of which is 

coupled to the input of op-amp 64 by a resistor 68. A 

feedback, variable resistor 76 bridging the input and 

20 output of amplifier 64 controls the amplitude of the 

2 4 

resulting X - X correction signal connected to an 

output terminal 65. A third multiplier 58 combines the 

2 

X input signal with the X output of multiplier 54 to 

3 * 
provide an X signal that is coupled to the input of a 

25 second operational amplifier 66 by a resistor 72. The 

input ramp also is applied to the input of a second 

inverter 62, the -X output of which is coupled via a 

resistor 74 to the input of op-amp 66. The amplitude 

3 

of the resulting X - X output signal from amplifier 
30 66, controlled by a feedback variable resistor 78, is 

connected to output terminal 67 . 

As will be understood, it is desirable to provide 
both positive and negative versions of the ■ S 1 and 1 B 1 
35 secondary convergence correction waveforms so that any - 
type of residual misconvergence can be corrected. This 
can be accomplished by modifying the output portions 
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of the FIG. 4 circuit as shown in FIG. 5. A unity gain 
inverting amplifier formed by an operational amplifier 
80 and identical input and feedback resistors 82 and 
&4, respectively, is used to invert the output from 

5 op-amp 64. The inverted (X - X) and non- inverted (X - 

3 

X ) signals are then connected to opposite ends of a 
potentiometer 86 , the slider of which is connected to 
output terminal 65. When the slider is moved to one 
end of the potentiometer's resistance element — i.e., 

10 the upper end in the figure — the signal at terminal 
65 will be of the form X 2 - X 4 . As the slider is moved 
toward the center of potentiometer 86, the output 
signal amplitude gradually decreases to zero. Past the 
center point, the output signal has the form X 4 - X 2 

15 and increases in amplitude until the slider reaches 
the opposite (bottom) end of the resistance element. 
The same modification may be added to the output of 
op-amp 66 (FIG. 4) to provide both X - X 3 and X 3 - X 
correction signals. 

20 

The half parabola signals shown in FIGS. 2C and 
2D may be provided using the circuit arrangement shown 
in FIG. 6. A ramp input signal X applied to input 
terminal 88 is coupled via a resistor 89 to a sector 

25 detection circuit 16 comprising first and second 
op-amps 90 and 92 and resistors 94 and 96 connected as 
shown. When the input signal X<0 , operational ampli- 
fier 90 provides an output signal corresponding to the 
absolute value of X, while the output of amplifier 92 

30 is held at zero. The output signal from op-amp 90 is 
connected to both inputs of a multiplier 18, the 
output of which is connected to output terminal 97. A 
variable attenuator (not shown) suitably is provided 
at the output of muliplier 18 to function as amplitude 

35 control 22 (FIG. 1). When the input ramp signal Xj>0, 
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operational amplifier 92 provides an output X, while 

the output of op-amp 90 is held at zero. The signal 

from amplifier 92 is squared by multiplier 20, and 

2 

made available as an X output signal at terminal 98 

5 (similarly controlled by a variable attenuator, the 

2 

FIG- 1 control 24) . Negative-going half parabolas -X 

2 

are provided by inverting the X outputs from multi- 
pi iers 1 8 and 20 . 

10 A secondary convergence correction signal gen- 

erator according to the best mode presently contem- 
plated for the practice of the invention is shown in 

FIG. 7. In the form shown, the FIG. 7 circuit provides 

4 2 3 

vertical axis correction signals 4-(Y - Y ) and (Y 

15 Y) . As those of ordinary skill in the art will apprec- 
iate, similar circuitry may be. used to provide corres- 
ponding horizontal axis signals. A high resolution 
color picture monitor, television receiver or the like 
desirably would include both vertical and horizontal 

20 secondary convergence correction signals, as well as 
the usual primary correction signals for screen center 
(X = 0, Y = 0), extreme right and left center (X = + 1 , 
Y = O ) , extreme top and bottom center ( X = 0 , Y = +1 ) 
and the four corners (X = + 1 , Y = + 1 ) of the display 

25 screen. The four corner signals may be generated in a 
manner to be described below. 

The convergence signal generator of FIG. 7 con- 
verts a vertical ramp signal into parabola, ' B' -shaped 

30 and 1 S f -shaped waveforms. The ramp signal is derived 
from the monitor's raster generating circuitry, so 
that the convergence waveforms are referenced to beam 
position on the CRT screen. Parabola signal generator 
100 includes, as its core element, a four quadrant 

35 multiplier 110. This device, which is available com- 
mercially as a Motorola MC1495 microcircuit , multi- 
plies two pairs of differential inputs and produces a 
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pair of differential output currents that are pro- 
portional to the product of the multiplication. A 
vertical ramp signal applied to Y input terminal 112 
is fed to the positive sides of the multiplier's A and 

5 B inputs and summed with a dc offset level applied to 
the negative sides of both differental inputs. The 
offset level is set so that the null points of the 
positive- and negative-going parabolas produced by gen- 
erator 10O occur at the same time as the zero volts 

lO point (vertical center of the CRT screen) of the 
vertical ramp . 

The differential parabolic outputs of multiplier 

110 are applied to the inputs of an operational ampli- 

15 fier 120, which converts them to a single, positive- 

2 

going parabola Y . An offset adjustment potentiometer 

122 sets the dc level of the output parabola so that 

its null point is at zero volts. A* second operational 

2 

amplifier 130 inverts the Y parabola, creating a 

2 

20 negative-going and dc-shifted 1 - Y parabola at its 
output. Variable input resistor 132 adjusts the gain 
of op-amp 130 and thus determines the amplitude of the 
output parabola with respect to a dc offset level set 
by resistor 134. With bridging diode 136 conducting 

25 and series output diode 138 turned off, the dc offset 
level produces 'a voltage limit of approximately O V. 
for the output parabola. Resistor 132 is then adjusted 
so the most negative portions of the parabola (the 
"horns") just reach this point. Op-amps 120 and 130 

30 are conventional devices available in integrated cir- 
cuit form from a variety of commercial sources. 

Vertical • B' waveform generator 200 also includes 
a four quadrant multiplier 210 as its main component. 
35 The positive-going (Y 2 ) parabola from op-amp 120 is 
applied to the +A input of multiplier 210, and the 
inverted and level-shifted negative-going (1 Y 2 ) 




parabola from op-amp 130 is applied to the multi- 
plier's +B input. DC offset potentials are applied to 
the -A and -B inputs by potentiometers 212 and 214, 
respectively. These potentiometers adjust the dc 
5 levels of the input parabolas, thus allowing symmetry 
adjustment of the multiplier's output waveforms. The 
output from multiplier 210 is a differential pair of 
• B 1 -shaped waveforms that are applied to the input of 

operational amplifier 220. Amplifier 220 produces a 

"2 4 

10 single, positive-going ' B' waveform (Y - Y ) that is 
made available at output terminal 222. A second op-amp 
230 inverts and shifts the output signal from ampli- 
fier 220, creating a negative-going, dc-shifted 1 B" 
waveform (Y - Y ) that is made available at output 

15 terminal 232. Potentiometer 234 allows adjustment of 
the overall dc level of the output signals at term- 
inals 222 and 232. 

The architecture and operation of the vertical 
20 ' S' waveform generator 300 is essentially identical 
with that of 1 B' waveform generator 200. In the case 
of generator 300, a Y ramp" signal from input terminal 
112 is multiplied by a parabola from op-amp 130 to 

3 

create r S' shaped waveforms (Y - Y) at output term- 

3 

25 inal 302 and (Y - Y ) at output terminal 304. 

Corner convergence signals may be provided using 

a circuit essentially identical with those of waveform 

2 

generators 200 and 300. In this case, however, a Y 
30 vertical parabola signal from the output of op-amp 120 

would be applied to the +A input of a four quadrant 

2 

multiplier, and an X horizontal parabola would be 

applied to the multiplier's +B input. The resulting 

output signal from the corner convergence circuit 

2 2 

35 would have the form (Y X ) . 

As will be understood, horizontal 'B' and ' S' 
secondary convergence waveforms may be generated using 
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circuitry similar to that of FIG. 7. The only signifi- 
cant difference would be the addition of a blanking 
transistor to block the horizontal ramp retrace spike 
from appearing on the inverted and shifted horizontal 

5 parabola produced by an op-amp equivalent to amplifier 
130 in FIG. 7. For example, the emitter of a suitable 
NPN transistor would be connected to the op-amp's (-) 
input, and the transistor's collector would be 
connected to the amplifier's output terminal. The base 

10 of the NPN device would be connected to receive hori- 
zontal retrace blanking signals from the instrument's 
deflection circuitry. 

As described above, a secondary convergence con- 

15 trol system according to the invention features the 

use of correction waveforms +(X 3 - X), +(X 4 - X 2 ), 

3 4- 2 ■ """" — 

+ (Y - Y) and + (Y - Y ) having minimal effect on the 

primary convergence signals- It will be apparent that 

the specific circuits illustrated are given by way of 

20 example only, and the scope of the invention is not 

intended to be limited to the use of those circuits. 

Accordingly the scope of the invention is limited only 

as required by the terms of the appended claims. 

25 



# 
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1 . A convergence correction system for a cathode-ray 
tube having a viewing screen, a plurality of electron 

5 beam sources, and sun associated electron beam deflec- 
tion system including means for producing horizontal 
and vertical deflection signals, said correction 
system comprising 

means for receiving a deflection signal and for 

10 generating therefrom a first plurality of deflection- 
related signals for correcting beam convergence at a 
plurality of first locations on said screen and a 
second plurality of deflection-related signals for 
correcting beam convergence at screen locations inter— 

15 mediate said first locations, 

said second plurality of signals having sub- 
stantially no effect on convergence at said first 
locations . ■ \ 

20 2. The convergence correction system of claim 1, 
wherein said first plurality of signals includes 
signals for correcting convergence at a central loca- 
tion on said screen and at endpoints of a deflection 
axis passing through said control location, and said 

25 second plurality of signals * includes signals having 
waveforms with substantially zero amplitude at said 
endpoints and central location. 

3. The convergence correction system of claim l, 
30 wherein said first plurality of signals includes 

signals having a parabolic waveform. 

4. The convergence correction system of claim 3, 

wherein said second plurality of signals includes 

3 

35 signals of the form +_(X - X), where X represents the 
deflection signal from which said signals are 
generated. 
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5. The convergence correction system of claim 3, 
wherein said second plurality of signals includes 
signals of the form + (X 4 - X) t where X represents the 
deflection signal from which said signals are 

5 generated . 

6. A convergence correction system for a multigun 
cathode-ray tube comprising means for providing con- 
vergence correction (Cc) signals according to the 

10 expression 



Cc = K + Kl (X 3 - X) + K2 (X 4 - X 2 ) + 



f 2 

'K3X for X<0 



KYX 2 for X>0 



15 wherein K, Kl , K2, K3 and K4 are constants, and X is 
proportional to the magnitude of a deflection signal 
for the CRT. 
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39 



40\1 9 I 3 



x 3 -x 



^4 45 



0059076 



FIG.3A. 




FIG. 4. 
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